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INTRODUCTION 
Mannitol, an alcohol of six carbon sugar-mannose, has a 
molecular weight of 182.17. It has the inability to enter the tri­
carbo)cy"lic acid cycle which makes mannitol a physiological stable 
compound. Th� chemical structure, physical and physiological 
properties of ma.nnitol are listed in figure 1 Barry, (1963). 
-
CH
2
0H Particle size - small 
-1!0-C-H Distribution - extracellular water 
:00-C-H Glomerular filtration - free 
.:H-C-OH Tubular reabsorption - none 
1t-C-Oh Pharmacologic activity - inert 
- _l 
R-CH
2
0H Toxicity - none reported 
Figure 1. Mannitol Properties 
-The clinical use of. mannitol as a therapeutic agent has been 
-va-1-fdated many times in the literature. The utilization of mannitol 
as a prophylactic measure in prevention of acute renal failure 
foll�ing surgery or trauma has been reported by many authorities. 
�Iore recently many surgeons have selected the utilization of 
mannftol rather than urea as a dehydrating fluid during neurosurgical 
=operatf-ciris Ohrt, (1967). 
-� 
.. ... .. 
There is limited and conflicting data describing mannitol's 
role in osmotic nephrosis of renal tissue. Available research 
employing experimental animals demonstrating the reversibility of 
these renal lesions in conjunction with mannitol infusion is very 
meager. 
The purpose of this study was to investigate physiological 
alterations and histological comparisons of mannitol in relation to 
proximal renal tubules employing virgin doe rabbits. Microscopic 
analysis was_employed to determine reversibility of the histological_ 
changes altering tubule lumen size ·and distance o! the nucleus from 
the basement membrane in respect to different dosage levels and 
various post-infusio� sacrifice times . 
LITERATURE P.EVIE�,f 
1fanni t61' s ef.fects related to humans 
3 
?·7anni tol was first introduced to the biological sciences in 
the 1930' s.. Pror,'!pted by J.imi ted supply of inulin during 1•forld. i.•far 
II the physiological properties of marmitol Here intensely studied� 
Researchers found that manni toi, like inulin, ·was limited to extra­
cellular fluid distribution with very 1ittle i11tracellular shifting. 
Earmi to1 was also fou11d to pass freely 2.cross the glomerular membrane 
to the renal tubule and �•ms not reabsorbed. Therefore, 1-Jith this 
knowledge r-:anni tol 1,1as substituted for inulir1 :in extracellular fluid 
volu:ne measurement a·1d glon:erular filtr2.tio11 r2.te Barry, (1963). 
The current value of mannitol as an osrrotic diuretic is the 
treatment of surgical patients, especially in rwurosurgery. There 
2.re t.1'10 physiological f2.cts concerninr mc.rnni tol defending this point. 
Continued osmotic diuresis appears to have a prophyl2.ctic effect on 
the kidney _1,·-:hen threatened with ischer.--.1c tu:,..,i.::lc·.r necrosis. 1·'.:a.rmi tol 
,,1ill maintain a lai-'ge urine volu-·ne involving the presence of a large 
solute load that cannot be reabsorbed by renal tubules l�oore, (1963). 
Fundamentally there are three aspects co::.1cerning adequate 
prophylaxis of post-tr2.ur1-;1_tic and post-operative renal failure. They 
included: adequate hydration, ga11glio11ic block2.ge and manni tol 
1n-.rd t. · .,...., ' ( l ,i6?) -..; ra J.OD .DOiJ2., --) ··- • 
Immense quantities of research are availc.bl_e on the pr0phyla
ctic 
propex·ties of n�an:1i tol. Renal failure is a 1-mll knmm secondary
 
4 
response to ge-neral anesthesia and surgery. It has been demonstrated 
many times that prophylactic infusion of bypertonic mannitol will 
prevent acute functional renal impairment during abdominal aortic 
aneurysmectonzy-. Acute renal failure precipitated by extrarenal 
.factors has been prophylactically treated employing hypertonic 
manni�ol infusion Powers, il al. (1964), mck, � al. (1965), and 
Barry, Mazze, and Malloy, (1963). 
Acute oliguric renal failure is a critical problem in clinical 
practice. Most �llguria cases are preceded by a short period,when 
. .. . .. 
proper treatment may prove lifesaving. Mannitol infusion is probably 
the easiest and most effective agent protecting the oliguric kidney 
f'rom acute tubular damage F1inn, (1964). 
Large mannitol doses should be avoided in patients with 
congestive heart failure, but large numbers of cardiovascular patients 
have received large dosages without circulatory overload Cheney, 
� !l• (1963) and Flinn, {1964). 
Mannitol utilization in elevated cerebralspinal fluid pressure 
and cerebral edema treatment is rapidly becoming a standard clinical 
and surgical procedure. Mannitol has been utilized effectively during 
neurosurgery to decrease brain mass Wise, (1963). 
Refractory ascites treatment utilizing mannitol in conjunction 
with other diuretics is clinically recommended as the basi� �f . 
... - -:· . ' 
diuretic therapy. Thus mannitol is effective in delivering and 
excreting large fluid volumes by the kidney due to its osmotic 
diuretic properties Bernstein, et al. (1962) and Barry and Elkins (1962). 
·" 
s 
Forced mannitol diuresis was effective in enhancing penta­
barbitol, secobarbitol and phenobarbitol excretions from intoxicated 
patients. In a severe _imipramine poisoning case (.5375 mg) mannitol 
infusion of 2.50 gm (15% solution) during a period of 14 hours proved 
effective as an osmotic diuretic which cleared the cardiovascular 
system of the ·a.rug. However, in this particular case dialysis did not 
remove significant amounts of imipramine from the system Harthorne, 
.!! !!.• (1963) and Bloomer, (1966). 
Post-operative mannitol infusion reduced elevated intraocular 
pressure when conventional methods failed. Mannitol_ infusion was 
instrumental in relieving the elevated intraocular pressure due to 
glaucoma. 
Mannitol's onset of action during this treatment was about 
fifteen to thirty minutes and effectively reduced intraocular pressure 
long enough to allow ample time for surgery Adams, (1963) and Seeger, 
!! !l.· (1964). 
Mannitol•� kinetic resoonses in humans !!E, canines 
!K.anni tol exhibits numerous measurable ef'f'ects on: the kidney 
and vascular system. Mannitol pr�moted increased renal blood and 
plasma flow. Osmotic fluid removal from interstitial tissues pro­
moted a decrease in the renal vascular resistance. Evidence indi­
cated that efferent arteriole dilatation of the juxtamedullary 
glomerulus may result in shunting blood to the renal medulla Bourne, 
et al. (1964). 
-� 
6 
Hyponatremia and hypochloremia are frequent occurring side 
effects following extensive mannitol infusion during surgery·. 
Extrarenal factors, such as, sodium loss to .the gastrointestinal 
tract, peritoneal cav ity or large areas of tissue destruction will 
also enhance the hyponat.remia that occurs during mannitol infusion 
Cheney, � .tl_. (1963). 
Sodium excretion has been demonstrated in hydropenic man by 
mannitol diuresis. In this study 10% mannitol solution infused at 
a rate averaging 10 ml/min. caused approximately 11% of the filtered 
sodium to be excreted at a solute clearance of 30 ml/min. Porush, 
et al. (1965). 
Mannitol's effects on experimental animals 
Protection from experimentally induced acute renal failure 
using rnannitol infusion was commonly reported in the literature. 
Mannitol improved canine renal function after a period of ishemia 
(ligature of renal artery)·Selkurt, (1945). 
Rats injected with pigments (methemoglobin - cyanide) and 
purified human globin produced a characteristic period of oliguria 
involv ing 24-48 hour durations. Total renal failure protection_was 
attained by infusing mannitol immediately after injection of the 
pigment or globin; a delayed mannitol infusion of 30 minutes to 
4 hours provided little or no protection Mason, (1962), Parry, et 22:· 
(1962), and Teschon, (1962). 
7 
Experimentally induced post-operative and post-traumatic renal 
failure in animals has been vitally important establishing mannitol 
as an adequate form of renal therapy in man . Post-traumatic renal 
failure in dogs was prevented by prompt institution of an osmotic 
diuresis using mannitol infusion . Investigations employing post­
operative manrtitol infused dogs indicated that treated groups fared . 
better than non-treated groups. Powers, et al . (1964) . - -
Micropuncture techniques employing dogs detected sodium re­
absorption fluctuations from proximal tubules .  Graded intravenous 
mannitol dosages were infused to assess the techniques sensitivity . 
Mannitol infusion produced consistant reduction in sodium reabsorption 
using both small and large dosages Dirks, et al . ( 1966 ) .  
Metabolism and excretion 
Initial infusion of mannitol promotes plasma volume expansion 
as extravascular water is transported into the vascular space to 
nonnalize tonicity . A thirty minute post-infusion time was required 
for body fluids to reach equilibrium Cheney , et al . ( 1963 ) . 
Filtration of mannitol through the glomerulus was uninhibited 
while · reabsorption from the renal · tubules was virtually absent . 
Nonnal kidney excretes approximately 80% of injected mannitol in 3 
hours . Patients with congestive heart failure or renal disease may 
excrete as little as 14% of the total dose in 20 hours . Mannitol, 
that is not excreted by the kidney, was slowly absorbed and 
metabolized by body tissues . Evidence indicated that mannitol 
8 
� -possibly absorbed by the proximal tubules involving pinocytosis 
!!launsbach , et al. (1962). 
:Toxicology 
Evidence that a physiological dosage of mannitol having 
:irreversible effects on the kidney has not been found. As early as 
:..l940 , Smith , et al. , produced evidence indicating that mannitol ' s  
ail:terations affecting renal tissue were not physiologically 
ciieieterious. Adult humans treated with relatively large doses of 
llllrimitol (140 gm or more) developed epithelial swelling of the 
poximal convoluted tubules. These tubular changes were reversible 
18:lthin 42 hours Wood, et al. (196J ). 
Proximal convoluted tubule vacuolization following mannitol 
±bitusion has been reported in the literature. Mannitol infusion at 
a,,�5 -m1/m1n/400 gm body weight in rats produced considerable vacuolar 
-«ecumulation throughout tubular cells. The largest vacuoles were 
noeated· near the basal parts of the cell following 2 -hours infusion, 
cand cellular reversibility changes involving mannitol treated renal 
'":tissue were not determined Ma.unsbach, et al. (1962 ). 
Intravenous mannitol administration induced vacuolization in 
�oximal and distal convoluted tubules of Beagle dogs. Daily dosage 
Jlevels of 6 and 12 gm/Kg (20% solution ) were injected over a period 
· t:d'f :JO days·. Thus, kidney tubules of dogs sacrificed 24 to 48 hours 
i:post-infusion did not demonstrate vacuolization Garvin , et il• (1962 ). 
. ..  - .. 9 
Little is known concerning the physiological alterations 
following mannitol administration during pregnancy and/or its effects 
altering embryonic tissues and fetuses . Hexoses and polyols 
(including mannitol) were transported across placental membranes of 
guinea-pigs . Following placental perfusion mannitol ' s  transfer rate 
was O .12 mg/min. when the maternal concentration equalled 103 mg per 
cent. Thus, comparing glucose t-o mannitol , the transfer rate of 
glucose was 2 . 2  mg/min. with a maternal concentration equalling 500 
mg per cent . Therefore, sorbitol, dulcitol, inositol and mannitol 
permeated the placental barrier approximately one third as rapidly 
as glucose. A to.xicologic parameter was not reported Ely, (1966). 
Mannitol investigations utilizing normal rabbits to determine 
toxic dosages and renal alterations were not found in the literature 
search. 
10 
EXPERIMENTAL METHOD . 
3'rn8rimental animals 
Virgin doe rabbits weighing 1330 to 3530 grams were utilized 
:for this investigation . The rabbits were purebred, New Zealand 
·l!hltes supplied by one distributor. Rabbits were delivered air 
_express in lots of 6 to 18 , exanp.ned care.fully at delivery and were 
�rt and in apparent good health. Animal aquisition in su.f'ficient 
�rs resulted in moderate weight nuctuations. 
Experimental animals were housed separately in wire mesh 
. . . . 1 �it hutches .  Commercial rabbit pellet diet and water were 
��ded � libitum. 
fxperimental groups 
Babbits were - randomly placed in experimental groups , 7 animals 
� group, following a S day post-delivery observation period. Five 
pi9�ps (A - E) were admini�tered 2 gm of mannitol per Kg body weight. 
J'jve groups (F - J) received 4 gm of mannitol per Kg body weight • 
.$�ry data are listed in tables 8-17. Fifteen rabbits were 
-majntained .as controls and are summarized in table 18 . 
�!>bard Sunshine Rabbit Pellets 271. Hubba.rd Milling Company. 
��kato, Minnesota. 
ll 
Preparation and administration or drug 
Twenty-five percent aqueous mannitol solution was utilized 
- 2 in these investigations, which was supplied in 50cc ampules. 
Average group weight was established and drug concentration 
required for injection was determined. Mannitol was pooled, warmed 
to 38 C and adjusted to a pH of 7 using O.lN NaOH. 
Data sheets containing exact weight, amount of drug adminis­
tered , time or injection and sacrifice times were maintained through­
out the experiment (tables 8-17). · Dosage tor mannitol administration 
was calculated utilizing the _ exact weight or each rabbit._ 
Rabbits were suppinated and immobilized employing a slatted, 
V-shaped, small snimal operating rack. Each leg was securely 
tastened and a restraining belt placed across the rabbit 's  abdomen 
to turther_ restrict its movements. These effective restraining 
techniques permitted intracardiac mannitol administration easily on 
the first attempt. 
· Intracardiac injection employing a 24 gauge needle was uti­
lized for the mannitol administration. The heart was manually 
palpated over the lower thorax. Syringe and needle was positioned 
in a horizontal plane perpendicular to the long axis of the body 
after locating the apical beat. The needle was slowly inserted 
2
Supplied by Dr. John E. Baer, Director of Pharmacological Chemistry : 
Merck Institute for Therapeutic Research, West Po�nt, Pennsylvania • . . 
12 
:intercostally into the heart using the thumb as a guide. Cardiac 
�puncture success was verified by retrograde b1ood movement into the 
syringe. Differentiating between the right and left ventricle was 
visually observed noting strength of pulsations and color of blood. 
_ When cardiac puncture was verified mannitol was slowly in-
jected approximating 10 to 12 ml per minute. Periodic blood 
aspiration verified intracardiac needle placement during the infusion 
:P9riod. 
_ follection 2£. tissues 
The following techniques were employed collecting renal 
·:tissues. Rabbits were sacrificed and peritonea1 cavities were 
�pened by a surgical incision from the xlphoid process caudally 
·to the pubic symphysis. The left kidney was identified and excised, 
,mich was immedi�tely washed in a physiologica1 irrigating solution3 
•nd transected _ into 8 mm square sections. A sharp scalpel was 
�mployed to minimize tissue· trauma and/or compression. 
Tissues were placed in 4 dram, labeled vials containing 10 
ml of FAA (formalin - 10 ml, glacial acetic acid - 2 inl, 7ct/> ethyl 
alcohol - 90 ml) afier sectioning·. Tissues remained in FAA a minimum 
of 48 hours insuring complete fixation before further preparation 
was attempted . 
'TIS-0-SOL, Baxter Laboratories, Inc . , M:>rton Grooye , Illinois. 
11istological methodoloey 
Fixation !IE. embedding 
. 1) 
Following fixation, two tissue sections were selected for 
embedding and cutting. Selected tissues were trimmed, in which, 
great care was taken to ensure large cortial exposure. Tissues were 
transferred to vials containing 70% ethyl alcohol immediately after 
trimming. Procedures utilized .in washing, dehydrating, clearing and 
embedding tissues are summarized in Table 1. 
Tissues were removed individually from paraffin bath II and 
placed in labeled paper boxes previously :tilled with melted paraffin.· 
A teasing needle was utilized to relocate the tissue prior to placing 
the box in an ice water bath to harden. The boxes were refrigerated 
tollowing sufficient hardening. 
Mounting !!Jg, sectioning 
Careful handling o� blocks prevented. compressi�n of tissues 
during mounting procedures. Blocks were trimmed and squared uti­
lizing a straight edge razor . 
4 Sectioning was completed employing a Spencer 820 microtome. 
Tissue �unts were cut 10 microns (u) thick, collected in ribbon 
form and refrigerated until mounted on slides. 
4 
Spencer !ens Company; Buffalo, New York. 
2 2  3 8 2 5 $0U'iH Di\ROTA STA1 E UN1VERS1l 't l-lBRARX 
TABLE 1 :  
Procedure 
1 .  Washing 
2. Dehydrating 
3 . Dehydrating 
4 .  Dehydrating 
5 .  Clearing 
6 .  Clearing 
? .  Embedding 
8 . Thtbedding 
9 . Thlbedding 
10. Embed tissue in 
storage box 
Procedures utilized in preparing kidney tissue for sectioning 
Time Chemical 
24 hours 70% ethyl alcohol 
(may· be indefinite) 
120 minutes 80% ethyl alcohol 
60 minutes 90% ethyl alcohol 
60 minutes Absolute ethyl alcohol 
30 minutes �bsolute ethyl alcohol 
and .xylol ( 1: 1  ratio) 
20 minutes :xylol 
30 minutes ½ xylol and ! paraffin 
( heat until paraffin 
melts) 
60 minutes Paraffin bath I 
60 minutes Paraffin bath II 
t--' 
� 
Slide mounting 
. ..  - .. 15 
Ribbons were cut into individual sections and placed in water 
bath (45° - 47°C) . Clean, labeled slides (75 x 25 mm) were employed 
in removing tissue sections from the water bath. A drop of Mayer ' s  
albumin mounting medium (fresh egg white - 50 ml, glycerine - 50 ml 
and sodium salicylate - 1 gm) was placed on the slide, spread , wiped 
oft and allowed to dry a few minutes. The prepared slide was dipped 
in the water bath which enabled the sections to be p�sitioned and 
ranoved individually. The slides were quickly dried employing _ a 
· heated drying plate (45 ° - 47°C). 
Staining 
Mounted slides were allowed to dry at room temperature for 
24 hours before staining. The staining procedures are summarized in 
Tables 2-3. 
A Spencer A-0 Sixty microscope stationed at the staining table 
was used frequently to determine staining progress. _ Microscopic 
examinations validated removal of tissues from the following solutions: 
Harris Hemato.xa.lin, acid alcohol, tap water and Orange G counter­
stain; 
. -- - . 
TABLE 2 :  Staining procedures employed in preparing slides for 
histological examination 
Solution Time Purpose · 
Xylol I 5 minutes Dissolve paraffin 
Xylol II 30-60 seconds Dissolve remaining 
. paraffin 
Absolute ethyl 30-60 seconds Remove xylol 
alcohol 
9<11, ethyl alcohol 30-60 seconds Remove xylol -
begin hydration 
80% ethyl alcohol 30-60 seconds· Hydration - remove 
:xylol 
70% ethyl alcohol . 30-60 seconds Hydration 
. 50% ethyl alcohol 30-60 seconds Hydration 
Distilled water 30-60 seconds Remove alcohol 
Harris Hemato.Jcy"lin 5- 7 minutes Stain nucli and cell 
membranes 
Acid alcohol To effect Destain 
Tap water 60-90 seconds Bluing of the 
(to effect) tissues 
50% ethyl alcohol 30-60 seconds Dehydrate 
7(1/, ethyl alcohol 30-60 seconds Dehydrate 
� ethyl alcohol 30-60 seconds Dehydrate 
Orange G counter- 3- 5 seconds Stain cytoplasm 
stain 
90% ethyl alcohol 30-60 seconds Dehydrate and remove 
excessive counter-
stain 
Absolute ethyl 30-60 seconds Complete dehydration 
alcohol 
seconds Remove alcohol, 
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Xylol II 30-60 
prepare for mounting 
of cover slip 
Mount· cover . slip 
(Canada Balsam) 
TABLE J .  Chemical composition of stains and regaents utilized in 
staining techniques 
I .  Harris HematoJ<Ylin 
Hemato.xylin 0. 5 gm 
Absolute ethyl alcohol 5. 0  ml 
Ammonium alum 10 .0  gm 
Distilled water 95 . 0 ml 
Mercuric oxide 0 . 25 gm 
II . Orange G 
Orange G 1 . 0  gm 
Distilled water 100 .0 ml 
III. Acid Alcohol 
Concentrated H2so4 5 drops 
35% absolute alcohol 100 .0  ml 
17 
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Slide analysis 
Five slides per animal were selected for microscopic analysis . 
An A-0 Spencer Ortho-Illuminator, A-0 Spencer microscope and Bausch 
and Lomb micrometer were employed in tubule analysis and measurement . 
Criteria utilized in proximal tubule selection were : tubule location 
not further than 100 microns from peripheral cortial exposure; and 
tubule cut perpendicular to its long axis to expose a true cross­
section . Random selection of five tubules per slide meeting the 
above requirements_ were measured in microns for tubule lumen dila­
·tation and d.istance---of nucleus from basement membrane . · Both lumen 
dilatation and nuclear distance were obtained from the same tubule . 
Raw data obtained from microscopic analysis are recorded in the 
appendix, tables 18-28 . 
Photography 
Photography was accomplished employing a Leitz Ortholux 
81164 microscope equiped with a fully automatic Leitz 3 5  mm Orthomat 
microcamera . 5 Fine grain color film6 was employed in microphotography . 
5E .  Leitz , Inc . ; 468 Park Avenue, South; New York, 16 ; New York . 
6r{odacolor X; ex 135 20 ; ASH 80 DIN 20 ; Eastman Kodak Co . ,  Rochester, 
New York . 
. -- - . 
RESULTS 
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This investigation utilized 10 experimental groups consisting 
or 7 animals per group: groups 1-5 received 2 gm mannitol/Kg body 
weight : groups 6-10 received 4 gm manni tol/Kg body weight • Each 
group was sacrificed at specific post-infusion times. Groups 1-5 
were sacrificed after 6 ,  12, 24, 48 and 72 hours respectively: 
groups �-10 were sacrificed after 12 , 24, 48 , 72 and 96 hours 
respectively . The control group contained 15 animals . 
Raw data obtained from measurement of tubule dilatation (TD) 
and nucleus distance from basement membrane (ND}" are listed in the 
appendix, tables 18 to 28 . 
Raw data summary citing minimum, maxi.mum and mean measure­
ments for TD and ND of control and experimental rabbits are listed 
in table 4 .  Possible biological reversibility of lumen size can be 
assumed from this data . Comparing control animals TD means against 
the 2 gm mannitol/Kg dosage groups seemed to indicate as post­
sacrifice time increased reversibility of lumen size progressed ba�k 
toward control levels. A relatively small lumen (0 . 7-1 .�) persisted 
in groups 1� 2, 3 and 4, but in group 5 lumen size returned to 
approximately control level (4. 7µ,) . The minimum and ma.xi.mum TD 
measurements of both control and experimental groups compared 
reasonably well -with their means . 
Groups administered 4 gm mannitol/Kg the lowest mean TD 
measurement was 2 . 1µ. in the 12 hour group. Whereas� 2 gm groups 
. .. 
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TAfil.E 4 :  Minimum, maximum and mean proximal tubule measurements 
of tubule dilatation and nucleus distance from basement 
membrane for control and experimental rabbits 
Nucleus Distance · 
from Basement 
Group Tubule Dilatation Membrane 
( µ,) (� ) 
Min . Max. Mean Min . Max. Mean 
Control 2.6 8.2 5 .0 1.6 J .0  2 . 2  
Mannitol 
. 2 ·gm./Kg 
1 0. 2 · 4. 2 0.7 2 . 5  4 . 1  J .0  
. 2 o.6 2. 5 1.3 2 . 2  3. 4 3.0 
3 o .o 1.4 0 . 8  2 . 6  3. 7  2 . 9 
4 0.8 1 . 2  1 . 0  2.3 3. 5  2 .9 
5 2.1 7.2 4. 7 2. 2 J. 0  2.6 
Mannitol 
4 gm/Kg 
6 1.0 2 . 7  2 . 1  2 . 2  . J .O 2.6 
7 · o.6 4 . 4· 2. 5 · 2 . 2  3 . 4  2 . 6  
8 2.1 4 .8  J.3  2 . 1  3 .8  2 . 8  
9 · 2. 1 5 . 5  J.6  1 . 9  3 . 7  2 .6 
10 2. 8 9.8 4 . 5 2 . 4 3.4 2.9 
21 
this mean was not exceeded until 96 hpurs post-infusion. Four gram 
groups demonstrated progressive reversibility of lumen size back 
toward control levels with consistant increases in lumen size with 
each succeeding time group (table 4). 
Similar degrees of biological reversibility in ND were not as 
evident as in the TD groups. The 2 gm dosage groups increased to 
maximum ND by 6 hours and demonstrated only a slight decrease in 
ND by 72 hours. The 4 gm group indicated an opposite pattern 
starting at 2. 6 � in 12 hours and increasing to 2. 9 µ in 96 hours 
{table 4). 
An IBM 1620 computer was employed in statistical analysis. 
Cards punched for computer included: treatment, animal number, 
slide number, TD and ND in µ. 
Analysis of variance was employed on all raw data (TD and ND) 
and Dunnett • s  t test was employed on control and experimental means 
for ND. 
Highly significant {P <. . 01) analysis of variance results 
were obtained between treatments, animals/treatments and slides/ 
animals/treatments for ND. Significant results (P < · . 01) obtained 
from TD was -limited to siides/anim�ls/treatments. Analyses of 
vari�ce results are summarized in tables 5-6. 
Highly significant (P <. . 01) Dunnett • s  i test results were 
obtained from all ND groups within the 2 gm mannitol/Kg dosage 
level and from the 12, 48 and 96 hour group within the 4 gm 
TABLE 5 :  Analysis of variance showing tubule dilatation lnvolving control and experimental 
animals 
Mean Error Mean 
Source d.  f .  Squares Squares "F" 
Treatment 10 0.1790 11.4883 NS 
Animals/Treatments 71 0. 1043 11.3666 NS 
Slides/Animals/Treatments 322 11 . 4931 0.0008 14 . 06� 
Error 1611 0 .0008 
TABLE 6: Analysis of variance showing nucleus distance from basement membrane involving 
control and experimental animals 
Mean Error Mean 
Source d. f. Squares Squares " F" 
Treatment 10 1.0493 0.3724 2 . 817iHt-
Animals/Treatments 71 0.3686 0.0725 5 .078� 
Slides/Animals/Treatments 322 0.0726 0.0640 1 . lJ4iH� 
Error 1611 0 .0640 
iH<" p ( .01. 
NS Not significant at P < .05. N 
N 
niannitol/Kg dosage level . The 4 gm/Kg 24 hour group demonstrated 
significant results (P (. .05) , whereas ., the 72 hour group was the 
only one not significant. A summary of Dunnett • s  i test results 
are delineated in table 7. 
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TABLE 7: Dunnett's t test denoting nucleus distance from basement 
membrane and control means 
Post-infusion 
Sacrifice Times 
(hour) 
6 
12 
24 
48 
72 
96 
ff, p < . 01 .  * P < . 05 .  
NS Not significant . 
Mannitol Mannitol 
2 gm/Kg 4 gm/Kg 
1 . 9187➔* 
1 . 856?-X* 1. 7455� 
l.8413-r.�- 1. 7317* 
l . 7794�Pk 1 .  7930-:h'f-
1.7361-r.* 1. 7058 NS 
1 . 8053�* 
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Figure 2. Subcapsular proximal tubule of control rabbit 
kidney : Stain H&CG , 400x . 
Figure J .  
· Tubule dilatation pronounced ( 5-6� ) with 
nucleus distance ( 1-2µ) from basement 
membrane . 
Subcapsular proximal tubule of experimental 
rabbit kidney : 2 gm mannitol/Kg , sacrificed 
6 hours post-infusion : Stain H&CG , 400x. 
Tubule dilatation reduced to 0-2µ with 
nucleus distance ( 2-4µ) from basement membrane . 
25 
Figure 2 
Figure 3 
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Figure 4 .  
- .. - . 
Subcapsular proximal tubule of experimental 
rabbit kidney : 2 gm mannitol/Kg , sacrificed 
12 hours post-infusion: Stain H&CG, 400x. 
Tubule dilatation absent with nucleus distance 
(2-3�) from basement membrane. 
Figure 5. Subcapsular proximal tubule of experimental rabbit 
kidney : 2 gm mannitol/Kg, sacrificed 24 hours • 
post-infusion : Stain H&OO, 400x. 
Tubule dilatation absent with nucleus distance 
(2-3µ.) from basement membrane. 
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-Figure 4 
Figure 5 
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Figure 6 .  Subcapsular proximal tubule of experimental 
rabbit kidney : 2 gm mannitol/Kg , sacrificed 
48 hours post-infusion: Stain H&CG, 400x. 
Tubule dilatation absent with nucleus 
distance • { l-2�) from basement membrane. 
· Figure ?. Subcapsular proximal tubule of experimental 
rabbit kidney : 2 gm mannitol/Kg , sacrificed 
48 hours post-infusion : Stain H&CG, 400x. 
Tubule dilatation pronounced (5-8µ) with 
nucleus distance (1-2µ) from basement 
membrane . 
.. , .. .  ' 
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Figure 6 
Figur� 7 
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Figure 8 .  Subcapsular proximal tubule of control rabbit 
kidney: Stain H&OO , 400x. 
Tubule dilatation pronounced (5-6µ) with 
nucleus distance ( 1-2 µ.) from basement 
membrarw . 
Figure 9 . Subcapsular proximal tubule of experimental 
rabbit kidney: 4 gm mannitol/Kg, sacrificed 
12 hours post-infusion: Stain H&OO, 400x • . 
Tubule dilatation absent with nucleus 
distance (2-4µ) from basement membrane. 
. · -
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Figure 8 
Figure 9 
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Figure 1.0. 
. .. - . 
Subcapsular proximal tubule of experimental 
rabbit kidney: 4 gm mannitol/Kg, sacrificed 
24 hours post-infusion: Stain H&ffi, 400x. 
Tubule dilatation visible ( 2-3µ.) with nucleus 
distan�e ( 1-2 µ.) from basement membrane . 
Figure ll. Subcapsular proximal tubule of experimental 
rabbit kidney: 4 gm mannitol/Kg, sacrificed 
48 hours post-infusion: . Stain H&OO, 400x. 
Tubule dilatation slight (0-1µ.) with nucleus 
distance ( 2-4µ) from basement membrane. 
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Figure 10 
Figure 11 
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. I 
Figure 12 . Subcapsular proximal tubule of experimental 
rabbit kidney : 4 gm mannitol/Kg, 
sacrificed 72 hours post-infusion: Stain 
H&ffi, 400x. 
Tubule . dilatation distance {3µ,) with 
nucleus distance ( 2-J u) from basement 
membrane 
Figure 13 . Subcapsular proximal tubule of experimental 
rabbit kidney: 4 gm manni tol/Kg , 
sacrificed 96 hours post-infusion: Stain 
H&ffi, 400x. 
Tubule dilatation distinct (4µ) with 
nucleus distance (1-3µ) from basement 
membrane. 
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Figure 12 
..... 
Figure )-3 
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DISCUSSION AND CONCLUSION 
Preluding this investigation mannitols toxicological alter­
ations affecting renal tissue were carefully reviewed . Utilizing 
this data two dosage levels were selected for administration. Two 
grams mannitol/Kg body weight was considered a physiologic dosage, 
while four grams mannitol/Kg body weight was employed a relatively 
massive dosage . 
Choosing a parenteral route of administration was a perplex­
ing problem. To the author ' s  knowledge there is a complete literature 
void concerning employment of intercardiac puncture as a rnannitol 
infusion route . The decision to employ intercardiac administration 
of mannitol was made with the knowledge of possible undesirable 
physiological side reactions, such as, cardiovascular overload, 
ventricular fibrilation, cardiac shock and infection . These side 
reactions were alleviated and not observed in this study . Seventy 
experimental rabbits wer� utilized in these investigations with 
only one complication fatality. 
Histologic evaluation indicated a possible biological 
rever�ibility of TD ' s  occuring in both 2 and 4 gm mannitol/Kg 
dosage levels. Mean TD measurements progressed from 0 . 7  µ, in 6 
hours to 4 . 7 µ in 72 hours (2  gm/Kg) as compared to 2 . 1  µ, in 12 
hours to 4. 5 µ, in 96 hours (4  gm/Kg). These measurements taken 
from the 72 and 96 hour groups compare reasonably well with the 
control TD mean of 5 µ, • Utilizing subjective evaluation of
 mean 
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data alone it appears that lumen size changes promoted by mannitol 
infusion are those of a reversible nature and with time return to 
normal. However, statistically there is no indication of this. 
:Employing analysis of variance on raw data only demonstrated differ­
ence between slides and not between animals or treatments (table 5). 
Thus the significant difference between slides is presumably due to 
large fluctuations of tubule size within individual slides. 
Nucleus distance from basement membrane did . not demonstrate 
biological reversibility as was theorized for TD, but does indicate 
a high statistically significant degree of variance between control 
and experimental animals (P <. 0.01). Careful literature search 
tailed to locate any published research endeavors describing nucleus 
movement during mannitol infusion. Statistical data derived from 
these investigations concerning nucleus position within the proximal 
tubule cells after mannitol infusion definitely indicated atypical 
nucleus movement that is not reversible before 96 hours. 
Previous investigators have stated that mannitol is non­
metabolized by renal tubules and makes an ideal osmotic diuretic. 
An isolated investigation denoted 10% of an injected mannitol dose 
was not recovered and presumably metabolized . If nucleus position · 
within tubule cell fluctuates there may be a cytological explanation. 
Possible intercell�lar biochemical and/or metabolic alterations may 
play a physiological role, but further research must be undertaken to 
elucidate and validate this theory Moore, (1963), �d Dominguez ,  
et al. (1947) . - -
SUMMARY 
!fannitol effects involving proximal renal tubules in virgin 
New Zealand doe rabbits were investigated. 
Doe rabbits weighing between lJJO and 3530 grams were 
administered 25� mannitol solution intercardially employing do�ges 
of 2 and 4 gm/Kg body weight. All rabbits were maintained on a 
commercial rabbit pellet diet and water !,g_ libitum. Rabbits were 
aacrificed at specific post-infusion intervals. Renal tissues obtained 
rr<>m experimental and control rabbi ts were fixed, embedded, mounted 
. �. ,,. � 
aJJd stained for histological analysis. 
·'fl.tbule dilatation and nucleus distance f'rom basement membrane 
were measured employing a micrometer. Raw data were sta tisti�ally 
evaluated utilizing analysis of variance. Tubule dilatation did not · 
statistically indicate significant differenced between slides within 
animals or between animals within treatments. Nucleus distance 
fzom basement membrane demonstrated highly significant (P 0.01 ) 
differences between slides/animals, animals/treatments and slides/ 
animals/treatments compared to controls. 
Therefore, these investigations indicated a possible 
physiological reverse of tubule dilations involving administration 
or 2 and 4 gm ma.nnitol/Kg. Thus, tubular nuclei distance variations 
probably involves an intercellular biochemical and/or metabolic 
interrelationships that may stimulate cytological �lterations. 
hrther research is needed to elucidate and validate this theory. 
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TABLE 8: Exper:iJnental group A ,  mannitol achninistered ( 2  gm/Kg), 
body weights and sacrificed post-infusion time ( 6 hours) 
Animal # 
A-1 
A-2 
A-3 
A-4 
A-5 
A-6 
A-7 
TABLE 9 :  
Animal # 
B-1 
B-2 
B-3 
B-4 
B-5 
B-6 
B-7 
Body Wt. Mannitol Injected 
(gm) .  (ml) 
2420 19 . 2  
2120 16 .8  
3115 24 .8 
2360 18. 8 
2220 17. 6 
2500 20 . 0  
2050 16 .4  
Experimental group B, mannitol administered (2  gm/Kg), 
body weights and sacrificed post-infusion time (12 hours) . 
Body Wt. Mannitol Injected 
· . .  (gm) (ml) 
2260 17 . 1  
2550 20. 4 
2750 22 .0  
2500 20.0 
2270 18 . 1  
2050 16 . 4  
2240 18. 0 
... __ . 
� ✓- ✓ 
TABLE 10.  
. Animal I 
C-1 
C-2 
C-3 
C-4 
C-5 
C-6 
C-7 
TABLE 11. 
Animal II 
D-1 
D-2 
D-3 
D-4 
D-5 
D-6 
D-7 
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Experimental group C ,  rnannitol administered (2 r;n/Kg) , 
body weights and sacrificed post-infusion time ( 24 hours) 
Body Wt . Mannitol Inj ected 
( gm) (ml) 
2500 20.0 
2310 17. 2  
2480 18 .6  
2500 20 . 0  
2660 21. 3 
1840 14. 7 
2540 20 . 3  
Experimental group D, rnannitol administered (2 gm/Kg) , 
body weights and sacrificed post-infusion time (48 hours) 
Body Wt . 
. ( gm) 
2460 
Expired 
2260 
2880 
2460 
2310 
2300 
Mannitol Inj ected 
(ml) 
19 . 7  
18 .1  
23.0 
19 .7  
18 . 5  
18 .0  
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TABLE 12. Experimental group E , . mannitol administered ( 2  gm/Kg) ,  
body weights and sacrificed post-infusion time ( 72 hours) 
Animal # 
E-1 
E-2 
E-3 
E-4 
E-5 
E-6 
E-7 
TABLE 13 . 
Animal # 
F-1 
F-2 
F�J 
F-k 
F-5 
F-6 
F-7 · 
· Body Wt . Mannitol Inj ected 
.{gm) (ml) 
3050 24 . 4 
3359 26 .8  
2890 23 . 1  
2980 23 . 8  
2960 23 . 7 
2590 20 . 7  
2440 19 . 5  
Experimental group F ,  mannitol administered ( 4  gm/Kg) , 
�dy weights and sacrificed post-infusion time ( 12 hours) 
Body wt .  Mannitol Inj ected 
{ gm_)_ (ml) ' 
2240 36 . 8  
2330 37 -3 
1440 23 . 0  
1330 21 . 3  
1580 25 . 9  
1710 27 .3 
1500 24 . 0  
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TABLE 14 . Experimental group G ,  mannitol administered (4 gm/Kg) ,  
body weights and sacrificed post-infusion time (24 hours)  
Animal # 
G-1 
G-2 . 
G-3 
G-4 
G-5 
G-6 
G-7 
Body Wt . 
( gm) 
1680 
1460 
1400 . 
1700 
1640 
1500 
1630 
Mannitol Inj ected 
(ml) 
27 . 0  
23 . 4  
22 . 4  
27 . 2  
26 . 2  
24 .0 
26 . 0  
TABLE 15 . Experimental group H ,  mannitol administered ( 4 gm/Kg ) ,  
body weights and sacrificed post-infusion time (48 hours ) · 
Animal # 
H-1 
H-2 
H-3 
H-4 
H-5 
H-6 
H-7 
· Body Wt . 
( gm) 
3 530 
3400 
2040 
1500 
1720 
1780 
2090 
Mannitol Inj ected 
(ml) 
56 . 5  
54 . 5 
32 .6  
24 .0 
27 .6  
28 . 5 
33 .4 
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TABLE 16·. Experimental group I ,  mannitol administered ( 4  gm/Kg} , 
body weights and sacrifi ced post-infusion time ( 72 hours) 
Animal # 
I-1 
I-2 
I-3 
I-4 
I-5 
I-6 
I-7 
TABLE 17 . 
Animal # 
J-1 
J-2 
J-3 
J-4 
J-5 
J-6 
J-7 
Body Wt .  �annitol Injected 
(gm) (ml) 
1930 31.0  
2020 
:: -.. l'. 32 .3  
1530 24 . 5  
1950 31. 2  
1830 29 . 2  
3030 48 . 5 
2020 32 . 3  
Experimental group J ,  mannitol administered (4  gm/Kg) ,  
body weights and sacrificed post-infusion ti.me (96 hours) 
· Body Wt .  Mannitol Injected 
{gm) (ml) 
2380 38.0 
2150 34 .4  
2250 36.o 
2190 35 .0 
2290 36 . 8  
2200 3 5 . 2 
2330 37. 3  
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TABLE 18 . Control group : Measurements of tubule dilatation and 
distance of nucleus from basement membrane ta�en from 
.proximal tubules ( T )  of rabbit s . 
Animal Slide Tubule Dilatation Nucleus Distance from 
No . ( µ ) Basement Membrane 
Tl T2 T3 T4 T5 Avg . Tl T2 T3 T4 T5 Avg .  
1 A 10 15 2 8 14 9 . 8 4 3 5 2 2 3 . 2  
B 8 6 11 12 10 8 . 2  2 3 4 2 3 2 . 8  
C 2 10 3 11 9 7 . 0  1 7 2 2 8 4 . 0  
D 2 5 11 1 12 6 . 2  2 6 2 2 2 2 . 8  
E 12 10 1 0 10 6 . 6  3 2 2 2 3 2 . 4 
2 A 0 0 0 0 0 0 . 0  3 2 1 2 4 2 . 4 
B 0 7 10 0 10 5 . 4 3 1 3 4 2 2 . 6  
C 4 0 2 0 10 3 . 2  2 3 3 4 3 3 . 0  
D 0 1 0 5 3 1 . 8  4 3 3 4 3 3 . 4 
E 10 0 2 0 1 2 . 6  3 4 1 3 3 2 . 6  
3 A 10 0 0 10 0 4 . 0 2 3 3 4 2 2 . 8 
B 0 5 1 0 8 2 . 8  2 4 3 2 4 3 . 0  
C 17 0 0 7 10 6 . 8 3 I+ 2 2 3 3 . 2. 
D 7 0 4 0 2 . 2 . 6  2 3 3 1 3 2 . 4 
E . 0  10 8 5 1 4 . 8 4 2 1 3 3 2 . 6  
4 A 4 3 6 0 3 3 . 2 4 3 5 2 2 3 . 2  
B 0 0 5 2 2 1 . 8 4 3 3 3 2 3 . 0 
C 1 4 0 7 2 2 . 8  2 3 4 2 2 2 . 6  
D 8 1 . o  2 4 3 . 0 4 3 3 4 4 3 . 6  
E 4 2 .  12 0 1 3 . 8 3 2 3 2 3 2 . 6  
5 A 2 7 8 0 0 3 - 4 2 3 3 2 3 2 . 6  
B 1 12 0 4 5 4 - 4  3 2 3 4 3 3 . 0  
C 3 3 1 0 0 1 . 4 3 3 2 2 6 3 . 2  
D 1 3 0 1 .  6 2 . 2  2 3 3 4 4 3 . 2  
E 10 6 2 0 1 J . 8 3 1 3 3 3 2 . 6  
6 A 2 7 0 2 0 2 . 2 1 2 3 1 1 1 . 6  
B 5 3 0 12 8 5 . 6 2 3 2 2 2 2 . 2  
C 6 0 1 1 7 3 . 0 3 2 1 3 3 2 . 4 
D 9 6 12 0 10 7 . Li. 2 3 3 3 2 2 . 6  
E 8 12 0 0 6 5 . 2  3 1 3 4 2 2 . 6  
7 A 8 4 0 10 9 6 . 2  4 3 3 3 3 3 . 2  
B 10 15 5 2 6 7 . 6 4 4 4 2 . 2 3 . 2  
C 10 10 0 10 6 7 . 2 3 2 2 4 2 2 . 6  
D 10 11 0 9 t) 6 . 0 2 3 2 4 1 2 . 4 
E 14 10 7 6 1 7 . 6 4 3 4 
2 · 4 3 . 1} 
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TABLE 18 ( continued) 
Animal Slide Tubule Dilatation Nucleus Di stance from 
No . ( �� ) Basement Membrane 
( µ, )  
Tl T2 T3 T4 T5 Avg .  Tl T2 T3 T4 T5 Avg. 
8 A 8 6 3 7 0 4 . 8  1 2 3 1 3 2 . 0  
B 5 10 5 8 6 6 . 8  ·2 4 2 2 2 2 . 4 
C 6 4 6 5 10 5 . 0 2 3 2 3 l 2 . 2  
D 4 3 2 6 5 4 . 0  4 2 2 2 3 2 . 6  
E 16 8 5 8 0 7 - 4  2 2 2 .  1 2 1 . 8  
9 A 9 12 8 7 6 8 . 4 3 2 2 2 1 2 . 0  
B 6 10 3 8 6 6 . 6  1 2 2 1 2 1 . 6 
C 10 12 9 5 5 8 . 2  1 2 1 .  2 1 1 . 4 
D 6 8 5 5 2 5 . 2 2 2 1 1 1 1 . 4 
E 4 6 6 8 10 6 . 8  2 1 1 1 4 1 . 8  
10 A 0 5 0 0 1 1 . 2  3 3 2 3 2 2 . 6 
B 1 2 5 8 0 3 . 2  2 1 3 1 Li- 2 . 2  
C 8 1 6 6 0 4 . 2  3 2 2 2 1 2 . 0  
D 0 1 l 2 4 1 . 6  2 2 2 3 2 2 . 2  
E 2 4 2 0 7 3 . 0 2 2 2 2 4 2 . 4 
11 A 11 7 9 2 1 6 . 0 1 1 3 2 4 2 . 2  
B 6 10 1 12 0 5 . 8  3 2 3 2 1 2 . 2  
C 6 7 10 11 12 9 . 2  2 2 1 2 2 1 . 8  
D 7 8 10 3 11 ? . 8 2 2 3 3 1 2 . 2  
E 11 1 · 3  8 10 7 . 6  2 2 2 2 2 2 . 0  
12 A 14 1 0 3 0 4 . 8  2 ·  4 1 1 2 2 . 0 
B 0 3 0 8 4 3 . 0 1 1 1 1 2 1 . 2· 
C 3 6 0 1 0 2 . 0  1 2 2 
2 3 2 . 6  
D 1 10 8 0 4 4 . 6 2 2 3 2 3 2 . 4 
E 11 14 8 4 ·  5 8 . 4 2 3 2 2 3 2 . 4 
13 A 10 5 2 0 10 5 . 4  1 3 
2 2 2 2 . 0  
B 4 4 4 0 0 2 . l+  1 1 3 
2 1 1 . 6  
C 0 8 2 1 0 2 . 4  2 
1 1 1 1 1 . 2  
D 6 6 8 8 0 5 . 6  4 2 
2 3 3 2 8 
E 0 5 1 h 6 3 . 6 3 2 
1 2 2 2 . 0  
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TABLE 18 ( continued ) 
Animal Slide Tubule Dilatation Nucleu s  Distance from 
No . ( µ,) Basement Membrane 
( pJ 
Tl T2 T3 T4 T5 Avg. Tl T2 TJ T4 T5 Avg� 
14 A 1 8 1 1 5 3 . 2  3 1 3 2 2 2 . 2 . 
B 1 5 0 - 5 4 J . 0 2 2 3 3 2 2 . 4 
C 7 1 1 6 1 3 . 2  1 3 1 2 3 2 . 0  
D 4 2 10 0 6 4 . 4  1 l 2 2 1 1 . 6  
E 14 0 1 lt 3 4 . 1  .. 2 3 2 ·  2 1 2 . 0  
15 A 8 8 10 8 11 9 . 0 1 2 3 2 3 2 . 2  
B 10 11 11 14 0 9 . 2 1 2 1 2 1 1 . 6  
C 14 6 10 8 2 8 . 0 2 2 3 ·  2 2 2 . 2  
D 15 12 3 0 8 5 . 6 1 2 2 3 1 1 . 8  
E 10 14 1 -10 12 9 . 4 2 3 3 1 2 2 . 2  
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TABLE 19 . Experimental group A :  Measurement s of tubule dilatation 
and distance of nucleus from basement membrane taken 
from proximal tubules ( T )  of rabbits 
Animal Slide Tubule Dilatation Nucleus Distance from 
No . ( µ, )  Basement Membrane 
( µ )  
Tl r 2 TJ TLt T5 Avg .  Tl T2 T3 '£4 T5 Avg .. 
1 A 0 0 0 0 0 0 2 3 3 4 2 2 . 8  
B 0 0 0 ·- 0 0 0 3 3 2 4 3 3 . 0 
C 0 0 0 0 5 LO 6 3 4 2 2 3 . 4 
D 0 0 0 0 0 0 3 3 4 2 3 3 . 0 
E 0 0 0 0 0 0 5 3 3 2 3 3 . 2 
2 A 1 1 0 0 0 . 4  3 4 3 3 4 3 . 4 
B 0 0 1 2 0 . 6  2 2 3 3 3 2 . 6 
C 1 0 0 0 0 . 2  2 4 4 5 2 3 . 4 
D 0 0 0 0 0 0 2 4 5 4 3 3 . 6 
E 2 1 0 1 0 . 8  2 2 3 3 3 2 . 6  
3 A 1 0 0 0 1 . 4 3 5 4 5 I+ 4 . 2 
B 1 0 0 0 0 . 2  4 5 3 3 2 3 . 4 
C 0 0 0 2 0 . 4  2 4 4 4 5 3 . 8 
D 0 0 0 0 0 0 3 7 4 2 3 3 . 9 
E 0 1 0 1 0 . 4  5 4 4 4 5 l+ . 4 
4 A 1 2 0 0 0 . 6  4 2 4 4 3 3 . 4 
B 1 0 2 0 1 . 8 3 2 2 2 2 2 . 2  
C 0 0 0 0 8 1 . 6 5 3 1 2 2 2 . 6  
D 0 0 _ O  0 0 0 3 2 5 11- 4 3 . 6 
E 0 l ·  0 1 0 . 4  2 2 5 4 5 3 . 6  
5 A 0 0 1 1 0 . 4  6 3 3 5 2 3 . 8 
B 0 1 0 0 0 . 2  3 2 2 5 4 3 . 8 
C 0 0 0 0 0 0 3 3 4 6 5 4 . 2  
D 5 0 1 1 0 1 . 4 4 8 5 4 4 5 . 0 
E 0 0 1 1 0 . 4 4 3 3 4 6 4 . 0 
6 A 3 12 1 0 1 3 . 4  0 l 3 3 2 1 . 8  
B 1 8 4 3 6 4 . 4  1 2 4 2 3 2 . Li-
C 0 8 0 1 5 2 . 8  3 2 3 2 1 2 . 2  
D 8 0 1 12 10 6 . 2  3 4 
l+ 2 2 3 . 0 
E 8 0 0 6 8 4 . 4 2 3 3 4 3 3
. 0  
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TABLE 20 . Experimental group B :  Measurements  o f  tubule dilatation 
and di stance of nucleus from basement membrane taken 
from proximal tubules ( T) of rabbits 
Animal Slide Tubule Dilatation Nucleus Distance  from 
No . ( µ,)  Basement Membrane 
( µ. )  
Tl T2. T3 T4 T5 Avg .  Tl T2 T3 T4 T5 Avg .  
1 A 1 1 0 0 0 . 4 3 1 0 4 6 2 . 8  
B 0 0 0 _ o 0 0 4 3 2 4 7 4 . 0  
C 5 0 0 0 0 1 . 0  1 5 3 3 6 3 . 6  
D 0 1 0 8 0 1 . 8  3 3 2 4 3 3 . 4 
E 4 1 0 0 0 1 . 0 3 3 3 2 4 3 . 0  
2 A 0 5 0 1 5 2 . 2  5 2 2 3 3 3 . 0  
B 11 1 0 0 1 2 . 6  3 4 3 4 3 3 . 4 
C 8 0 0 1 1 2 . 0  4 3 4 5 4 4 . 0  
D 0 5 0 0 6 2 . 2  2 3 4 3 3 3 . 0  
E 1 1 6 0 0 1 . 6  4 4. 3 4 4 3 . 8  
3 A 3 0 0 0 4 1 . 4 2 2 2 3 2 2 . 2  
B 1 0 0 0 1 . 4 3 3 3 4 1 2 . 8  
C 0 0 0 0 0 0 -3 3 4 3 4 3 . 4  
D 0 0 0 0 5 1 . 0  2 3 2 3 2 2 . 4 
E 1 0 0 0 0 . 2· 3 2 2 2 3 2 . 4 
A 0 0 1 0 0 . 2  2 2 4 6 4 3 . 6  
B 5 1 3 0 0 1 . 8  3 4 3 2 4 3 . 2  
C 2 0 0 0 1 1 . 2  4 2 4 2 2 2 . 8  
D 0 1 0 7 0 1 . 6  3 3 3 2 4 3 . 0  
E 1 0 .  · o  0 0 . 2  2 3 3 2 10 4 . 0  
5 A 2 0 0 0 0 . 4  2 2 2 2 1 1 . 8  
B 0 1 5 4 1 2 . 2  2 2 3 3 3 2 . 6  
C 2 1 0 0 4 1 . 4 2 3 2 2 3 2 . 4 
D 0 0 0 1 0 . 2  1 1 2 2 3 1 . 8  
E 3 0 0 o ·  1 . 8  3 3 3 2 2 2 . 6  
6 A 1 10 2 0 0 2 . 6  4 3 3 4 4 3 . 6 
B 0 8 0 10 1 3 . 8  4 3 4 2 3 3 . 2  
C 0 10 1 4 0 3 . 0 3 3 4 3 3 3 . 2 
D ·  0 0 4 0 0 . 8  2 3 3 4 3 3 . 0 
E 0 0 1 11 0 2 . 4 4 3 3 3 2 3 . 0 
7 A 2 1 1 0 1 1 . 0  2 3 4 4 3 3 . 2  
B 0 1 0 0 1 . 4  4 J 4 4 3 3 . 6  
C 3 1 0 0 1 1 . 0  2 3 4 3 2 2 . 8  
D 1 1 0 2 • O . 8  3 3 4 2 3 3 . 0 
E 1 0 0 1 1 . 6  3 2 3 3 2 2 . 6  
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TABLE 21 . Experimental group C :  Measurement s of tubule dilatation 
and distance of nucleus from basement membrane taken 
from proximal tubules ( T )  of rabbits  
Ani.mal Slide Tubule Dilatation Nucleus  Distance from 
No . ( µ, )  Basement Membrane 
( µ, )  
Tl T2 'f3 T4 T5 Avg . Tl T2 T3 T4 T5 Avg.  
1 A. 1 0 0 0 0 . 2  2 2 3 3 2 2 . 4 
B 10 o· 0 0 0 2 . 0  3 2 3 3 2 2 . 6  
C 1 3 2 -o 0 1 . 2  3 2 3 3 2 2 . 6  
D 5 0 0 1 1 1 . 4 3 4 3 3 3 3 . 2 
E 1 10 1 0 0 2 . 4 2 3 3 2 2 2 . 4 
2 A 1 0 0 1 1 
. • 6 4 3 3 4 5 3 . 8  
B 0 0 3 1 0 . 8  2 3 3 2 2 2 . 4 
C 1 0 1 0 0 . 4 2 2 _ 3  3 2 2 . 4 
D 1 0 0 0 4 1 . 0  3 3 3 3 2 2 . 8  
E 0 0 0 0 0 0 3 2 3 2 3 2 . 6 
3 A 2 0 0 1 0 . 2  2 2 3 3 2 2 . 4 
B 0 0 0 0 0 0 3 3 3 2 2 2 . 6  
C 0 0 0 0 0 0 4 3 2 3 2 2 . 8  
D 0 0 0 0 0 0 3 2 3 3 3 2 . 8  
E 0 0 0 0 0 0 3 2 3 4 2 2 . 8  
4 A 0 2 1 4 0 1 . 1+ 3 3 3 2 3 2 . 8  
B 0 0 3 1 1 1 . 0  5 4 3 4 2 3 . 6  
C 0 0 h 0 0 . 8  4 3 4 4 li,. 3 . 8 
D 0 0 0 0 0 0 4 3 4 3 4 3 . 6  
E 0 0 8 6 4 3 . 6 5 3 3 3 2 3 . 4 
5 A 0 o ·  1 0 0 . 2  4 3 3 4 3 3 . 4 
, 
B 0 0 1 0 0 . 2  4 4 3 5 4 4 . 0 
C 0 0 1 0 0 . 2  4 4 3 5 4 4 . 0 
D 0 1 1 0 1 . 6  3 4 3 4 3 3 . 4 
E 1 0 0 0 0 . 2  3 5 3 4 3 3 . 6 
6 A 0 0 0 0 0 0 3 2 3 2 2 2 . 4  
B 0 0 1 0 0 . 2  3 2 3 4 3 3 . 0  
C 0 0 0 0 0 0 3 2 3 3 3 2 . 8 
D 2 0 0 0 0 . 4  2 2 3 3 3 2 . 6  
E 0 0 0 0 0 0 3 3 2 2 3 2 . 6  
7 A 12 0 0 0 6 3 . 6 2 3 3 4 3 3 . 0 
B 2 1 0 0 0 . 6  2 2 2 2 3 2 . 2  
C 1 0 0 0 1 . 4 3 3 3 3 3 3 . 0 
D 1 0 1 0 0 . Li,  3 2 2 2 2 2 . 2  
E 1 1 5 0 0 1 . 4  3 3 3 3 2 2 . 8  
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TABLE 22 . Experimental group D :  Measurements of tubule dilatation . 
and distance of nucleus from basement membrane taken 
from proximal tubules ( T )  of rabbits 
Animal Slide Tubule Dilatation Nucleus Distance from 
No . ( µ )  Basement Membrane 
( µ, )  
Tl T2 T3 rr4 T5 Avg. Tl T2 T3 T4 T5 Avg_# 
A 0 0 2 0 0 . 4 3 4 2 2 3 2 . 8  
B 1 0 4 4 0 1 . 8  1 2 2 3 4 2 . 4 
C 1 0 0 - o 0 . 2 2 3 2 2 1 2 . 0 
D 0 0 5 3 0 1 . 6  3 3 2 1 3 2 . 4 
E 0 0 1 0 0 . 2  5 3 4 2 3 3 .  4 
2 A 0 0 0 2 0 . 4  7 3 2 2 3 3 . 4 
B 10 1 0 0 0 2 . 2  2 3 3 - 3  2 2 . 6  
C 2 0 0 6 0 1 . 6 2 3 2 1 3 2 . 2  
D 1 4 0 0 .  0 1 . 0  · 3 3 3 2 3 2 . 8  
E 1 0 0 0 1 • 4 3 3 2 2 3 2 . 6  
3 A 4 1 1 4 0 2 . 0  4 3 4 2 3 J . 2  
B 1 12 1 1 0 3 . 0 2 1 3 4 3 2 . 6  
C 0 0 1 0 0 . 2  4 4 L� 3 1 3 . 2  
D 0 0 1 1 0 . 4  4 4 4 5 3 4 . 0  
E 0 2 0 0 0 • Li, 5 5 4. l;, 4 4 - 4  
4 A · 1 3 0 0 2 1 . 2  3 2 3 3 2 2 . 6  
B 1 2 0 0 0 . 6 4 2 2 - 3  2 2 . 6 
C 1 1 0 0 2 . 8  3 5 2 4 3 3 . 4 
D 1 1 l 0 0 . 6  3 3 3 3 4 J . 2  
E 1 0 . o  2 1 2 . 0  4 3 3 4 3 3 . 4 
5 A 3 l 1 1 0 1 . 2  3 3 3 2 2 2 . 6  
B 2 0 2 1 1 1 . 2  3 2 3 1 3 2 .  4 
C 1 4 4 0 0 1 . 8  1 1 2 2 3 1 . 8  
D 1 2 0 0 0 . 6 2 2 2 2 3 2 . 2  
E 0 1 2 1 0 . 8  2 2 2 3 4 2 . 6  
6 A 2 1 o . 0 5 1 . 6 2 3 3 2 2 2 . 4 
B 0 1 1 l 0 . 6  2 2 3 3 2 2 . 4 
C 0 0 1. h 1 1 . 2 3 2 2 3 2 2 . 4  
D 1 1 1 1 0 . 8 3 Li, 2 2 2 2 . 6  
E l 1 0 1 0 . 6 2 1 2 1 2 1 . 6  
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TABLE 23 . Experimental group E :  Measurements o f  tubule dilatation 
and distance of nucleus from bas ement membrane \aken 
from proximal tubules ( T ) of rabbits 
Animal Slide Tubule Dilatation · Nucleus Distance from 
No . ( U, )  Basement Membrane 
( µ, ) 
Tl T2 T3 T4 r 5 Avg . Tl T2 TJ T4 T5 Avg, 
1 A 3 3 10 8 l 5 . 0  2 2 4 3 4 J . 0 
B 5 12 8 _ 5 8 7 . 6  2 1 2 2 4 2 . 2  
C 7 12 3 15 8 9 . 0  2 3 3 1 ·l 2 . 0  
D 12 0 2 15 4 6 . 6  3 3 3 1 2 2 . 4 
E 10 8 6 10 5 7 . 8 1 1 3 - 2 1 1 . 6  
2 A 0 4 8 4 10 5 . 2 2 4 2 2 2 2 . 4 
B 10 4 6 0 4 4 . 8  1 3 3 2 3 2 . 4 
C 4 8 0 0 3 3 . 0  2 2 2 1 4 2 . 2 
D 6 10 3 3 4 5 . 2  1 1 2 2 3 1 . 8  
E 7 4 4 6 1 3 . 8 5 2 4 2 5 3 . 6  
3 A 10 8 3 0 10 6 . 2 2 2 3 7 2 3 . 2 
B 0 11 6 8 1 5 . 2  3 2 3 3 4 3 . 0 
C 8 6 10 1 1 5 . 2  2 2 2 2 3 2 . 2  
D 8 3 . 8  3 6 5 . 6  4 2 4 3 2 3 . 0 
E .  8 8 12 6 2 6 . 2  2 2 2 3 3 2 . 4  
4 A 8 7 1 3 1 4 . 0  3 3 4 3 2 J . 0 
B 5 2 10 10 3 6 . 0  3 2 1 2 3 2 . 2  
C 5 10 1 5 4 5 . 0  3 2 3 4 2 2 .8 
D 3 1 15 5 5 5 . 8 2 2 3 3 2 2 . 2  
E 10 11 5 1 3 5 .. 8 2 2 2 4 4 2 . 8  
5 A 1 4 5 1 2 2 . 6  2 2 3 4 2 2 . 6  
B 1 1 1 3 1 1 . 4 3 3 4 2 3 3 . 0  
C 5 10 3 3 5 5 . 2  2 4 2 4 2 2 . 8  
D 8 6 0 10 15 7 . 8 2 6 2 2 1 2 . 6  
E 5 2 2 1 3 2 . 6  1 3 4 2 3 2 . 6  
6 A 3 5 6 5 6 5 . 0  1 2 2 2 1 1 . 6 
B 10 5 5 · 6  8 6 . 8  3 3 3 4 2 3 . 0  
C 1 4 5 4 1 3 . 0  1 3 4- 2 3 2 . 6  
D 4 8 1 0 1 2 . 8  1 2 2 3 2 2 . 0 
E 5 8 10 6 5 5 . 6  3 2 2 3 3 2 . 6  
7 A 6 1 0 6 1 2 . 8  3 4 4 4 2 3 . 4 
B 1 1 1 0 4 1 . 4 3 4 4 3 - 3 3 . 4  
C 1 5 5 1 3 3 . 0  4 2 0 3 3 2 . 4 
D 3 1 5 1 0 2 . 0  2 3 2 4 h ·  3 . 0 
E 1 3 0 2 0 1 . 2  3 3 3 3 2 2 . 8  
TABLE 24 . Kx--perimental group F :  Measurements o f  tubule dilatation 
and distance of nucleus from . basement membrane taken 
.from proximal tubules ( T ) of rabbits 
Animal Slide Tubule Dilatation · Nucleus Distance from 
No . ( µ, )  Basement Membrane 
!J,. 
Tl T2 T3 T4 T5 Avg. Tl T2 T3 'fl+ T5 Avg , 
1 A ·  1 0 0 2 2 1 . 0  2 8 5 3 4 L� . 4 
B 1 0 1 1 0 . 6  2 . 4 2 3 2 2 . 6 · 
C 0 1 1 -1 0 . 6  2 2 3 4 .2 2 . 6  
D 1 1 1 0 1 . 8  2 2 2 2 3 2 . 2  
E 2 1 3 1 2 1 . 8  1 4 4 3 3 3 . 0  
2 A 3 1 0 8 6 3 . 6 3 3 2 2 2 2 . 4 
B 1 5 3 1 0 2 . 0  1 1 1 2 2 1 . 4  
C 1 5 2 1 3 2 . 4  3 3 3 2 3 2 . 8  
D 1 1 1 5 6 2 . 8  3 2 3 ·  l 1 2 . 0  
E 1 3 1 3 5 2 . 6  3 1 3 3 3 2 . 4 
3 A 0 2 5 1 0 1 . 6  2 3 2 2 2 2 . 2  
B 4 3 5 0 3 3 . 0  2 2 3 2 3 2 . 4 
C 3 3 5 2 0 2 . 6  2 2 2 3 3 2 . 4 
D 1 4 3 0 0 1 . 6  3 3 3 2 3 2 . 8  
E - 3 2 1 1 0 1 . 4  2 3 3 3 3 2 . 8  
4 A 3 0 10 5 0 3 . 6 2 2 2 1 3 2 . 0  
B · 1 3 1 5 0 2 . 0  4 3 3 2 4 3 . 2 
C 1 2 2 0 2 1 . L.i. 4 3 3 5 3 3 . 6  
D 1+ 1 0 0 2 1 . 6  3 3 4 2 3 3 . 0  
E 1 1 0 2 1 1 . 0  3 3 3 3 3 3 . 0  
5 A 0 l .  3 2 2 1 . 6 3 4 3 2 3 3 . 0  
B 0 2 4 1 1 1 . 6 4- 2 4 3 · 2 3 . 0  
C 4 0 10 0 5 3 , 8 3 3 2 4 2 2 . 8  
D 4 1 3 3 1 2 . 4  2 2 4 3 2 2 . 6  
E 0 1 0 J. 3 1 . 0  3 2 3 3 3 2 . 8  
6 A 0 4 0 o. 0 . 8 3 2 3 2 3 2 . 6  
B 0 0 10 12 10 6 .  I+ 3 3 2 2 2 2 . 4 
C 3 5 0 0 1 1 . 8 2 2 2 3 2 2 . 2  
D 1 0 0 2 1 . 8  2 3 3 2 2 2 . 4 
1 2 . 5 .5 6 1 . 6 2 
- ") 3 2 3 2 . 4 E � 
7 A . 3 2 3 0 0 1 . 6 2 3 l 2 2 2 . 0  
B 5 I 5 3 Lr 4 . 2 1 2 2 2 2 1 . 8 4 
C 3 2 0 4 4 2 . 6  2 3 4 3·  3 3 . 0  
D 0 4 3 0 5 2 . 1+ 3 2 3 3 3 2 . 8 
E 3 5 0 0 5 2 . 6  l 2 2 3 2 - 2 . 0 
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TABLE 25 . Experimental group G :  Measurement s of tubule dilatat ion 
and di stance of nucleus from basement membrane taken 
from proximal tubules ( 'I' ) of rabbits 
Animal Slide Tubule Dilatation Nucleus Distance from 
No . ( u ) Basement Membrane ( lL ) 
Tl T2 TJ T4 T5 .Avg .  Tl T2 TJ T4 T5 Avg.  
1 A .  1 3 0 4 0 1 . 6  3 3 4 3 2 3 . 0  
B 1 1 5 0 0 1 . 4 3 3 3 2 1 2 . 4 -
C 4 0 0 -o 0 . 8  3 2 2 4 5 3 . 2  
D 0 5 3 0 11 3 . 8  4 2 2 2 2 2 . 4  
E 4 0 4 5 0 2 . 6  2 3 2 5 5 3 . 4 
2 A 2 0 1 0 l+. 1 . 4 2 2 2 2 2 2 . 0  
B 1 - 0 1 1 0 . 6  1 3 3 2 1 2 . 0  
C 2 0 0 0 0 ,. 4  3 2 2 2 3 2 . 4 
D 0 1 0 0 0 . 2  2 2 2 2 2 2 . 0 
E 2 1 0 0 0 . 6  2 2 4 1 3 2 . 4  
3 A 5 0 10 0 2 J . 4 2 2 1 4 2 2 . 2  
B 8 4 0 10 5 5 . 4 1 1 3 2 2 1 . 8 
C 3 2 10 0 11 5 . 2 3 3 2 3 2 2 . 6  
D 0 5 5 0 1 2 . 2  3 2 3 3 3 2 . 8  
E 11 5 3 5 4 5 . 6 3 2 3 3 2 2 . 6  
4 A 0 5 0 0 6 2 . 2  3 3 2 3 4 3 . 0  
B 0 0. 5 5 1 2 . 2  3 2 1 1 2 1 . 8  
C 1 1 5 0 5 2 . 4 2 2 3 1 1 1 . 8  
D 0 0 0 5 2 1 . 4 2 3 2 3 3 2 . 6  
E 4 2 0 1 5 2 . 4  2 4 4 3 1 2 . 8  
5 A 1 4 0 0 0 1 . 0  3 1 2 4 3 2 . 6 
B 0 0 1 0 0 . 2  3 2 5 3 3 3 . 2 
C 0 0 3 0 0 . 6  2 2 2 4 2 2 . 4 
D 0 0 0 0 2 . 4 2 2 2 2 2 2 . 0  
E 1 5 0 1 4 2 . 2  1 5 2 2 3 2 . 6  
6 A 2 1 Lt- o - 5 2 . 4 2 3 2 2 1 · 2 . 0  
B 6 1 0 0 0 1 . 4  1 3 2 3 2 2 . 2  
C 10 2 0 11 5 5 . 6  3 2 2 2 2 2 . 2  
D 0 3 11 4 8 1+ . 6 3 3 1 3 3 2 . 6  
E 8 1 1 3 0 2 . 6  1 1 3 3 3 2 . 2  
7 A 0 1 1 0 10 2 . 1+ 2 4 4 4 4 3 . 6 
B 0 1 10 3 6 4 . 0 4 5 3 4 2 3 . 6 
C 5 0 10 0 8 4 . 6  3 4 3 5 3 3 . 6  
D 2 1 10 0 0 2 . 6  4 3 2 3 2 2 . 8  
E 10 10 4 0 2 5 . 2  2 2 5 4 4 3 . 4 
58 
TABLE 26 . Experimental group H :  Measurements of tubule dilatation 
and distance of nucleus from basement membrane taken 
from proximal tubules ( T )  of rabbit s 
Animal Slide Tubule Dilatation Nucleus  Distance from 
No . (µ. ) Basement Membrane 
( µ )  
Tl T2 TJ TL+ T5 Avg. Tl T2 TJ T4 T5 Avg, 
A 1 0 0 0 0 . 2  2 5 5 4 3 J . 8  
B 1 0 0 0 1 . 4 5 3 3 4 3 3 . 6  
C 0 0 0 - 0 0 0 3 3 5 · 6 3 4 . 0  
D 6 0 0 0 0 1 . 2  5 3 4 3 4 J . 8  
E 0 1 1 0 0 . 4 3 3 4 4 5 3 . 8 
2 A 1 5 11 3 1 4 . 2  2 4 2 3 2 2 . 6  
- B 1 4 0 4 1 2 . 0  3 3 3 3 2 2_. 8 
C 12 1 2 0 2 3 ., 4 3 3 2 2 2 2 . 4 
D 8 1 0 0 1 2 . 0  3 2 2 3 3 2 . 6  
E 0 8 0 1 7 3 . 2  2 3 3 2 2 2 . 4  
3 A 5 7 5 0 1 4 . 2  2 2 3 1 2 2 . 0  
B 3 8 6 1 6 5 , 2 3 2 2 2 4 2 . 6  
C 5 11 4 2 3 6 . 0  1 2 2 2 3 2 . 0  
D 8 2 1 0 10 4 . 2 2 2 2 3 2 2 . 2  
E 5 2 0 11 3 4 . 2  1 1 2 2 3 · 1 . 8  
4 A 4 3 2 0 1 2 . 0  3 4 3 2 3 3 . 0  
B 2 0 0 1 1 . 8  2 2 5 4 5 3 . 6  
C 1 5 0 0 2 1 . 6  3 3 5 4 4 3 . 8 
D 1 1 8 11 0 2 . 8  2 3 3 2 2 2 . 4 
E 1 8 ·  2 0 5 3 . 2  3 2 4 4 3 J . 2  
5 A 5 4 0 1 4 2 . 8 2 2 2 1 2 1 . 8  
B 1 5 1 1 4 2 . 4 2 2 2 2 2 2 .0 
C 1 6 8 0 1 3 . 2  2 2 3 2 3 2 . 4 
D 1 1 5 1 11 J . 8 2 3 3 2 2 2 . 4 
E 1 0 12 0 4 3 . 4  2 2 1 2 2 1 . 8 
6 A 1 1 0 1 5 1 . 6  2 3 3 3 3 2 . 8  
B 1 0 1 8 1 2 . 2  2 2 4 2 2 2 . 4 
C 0 4 1 1 0 2 . 4  5 2 3 4 3 3 ., 4 
D 1 1 0 2 10 2 . 8  3 . 3 L� 4 2 3 . 2 
E 6 2 3 3 2 3 . 2  3 · 4 2 3 3 3 . 0  
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TABLE 27 . Experirnental group I :  Measurement s of tubule dilatation 
and distance of nucleus from basement membrane taken 
from proximal tubules ( T )  of rabbit s 
Animal Slide Tubule Dilatation Nucleus Di stance  from 
No . ( u )  Basement Membrane 
(µ ) 
Tl T2 T3 T4 T5 Avg , Tl T2 T3 T4 T5 Avg_. 
1 A. 1 6· 10 10 5 6 . 4 3 4 3 3 3 3 . 2 
B 0 12 1 6 12 6 . 2  3 2 3 3 2 2 . 6  
C 3 12 8 - 2 12 7 . 4  3 2 3 4 2 2 . 8 
D 3 1 5 0 4 2 . 6  2 3 3 2 2 2 . 4 
E 12 0 3 5 4 4 . 8 3 3 3 3 4 3 . 2  
2 A 10 3 2 4 5 4 . 8 2 2 2 3 3 2 .  L� 
B L+ 3 1 3 3 2 . 8  5 3 3 2 5 3 . 6  
C 12 10 1 10 3 7 . 2 2 1 2 2 3 2 . 0  
D 4 7 8 5 1 5 . 0 1 2 2 4 2 2 . 2  
E 5 10 6 3 0 4 . 8  4 2 1 2 2 2 . 2  
3 A 3 2 3 0 1 1 . 8 3 2 2 · 2 3 2 . 4  
B 2 2 1 3 1 2 . 8  2 2 2 2 2 2 . 0  
C 3 2 3 1 0 1 . 8  3 2 3 2 3 2 . 6  
D 3 1 0 1 3 1 . 6 2 2 1 3 2 2 . 0 
E 2 3 1 1 5 2 . 4 3 3 1 3 3 2 . 6  
4 A 1 4 0 1 3 1 . 8  3 3 3 2 2 2 . 4 
B · 2 1 2 8 1 2 . 8  2 3 3 3 2 2 . 6  
C 1 1 5 4 3 2 . 8  1 2 2 2 3 2 . 0  
D 1 2 1 3 5 2 . 4 3 2 4 2 2 3 . 2  
E 4 0 2 1 1 1 . 6  2 2 3 2 4 2 . 6  
5 A 0 6 . 5 3 1 3 . 0 3 3 3 2 2 2 . 6  
B 5 5 3 4 5 4 . 2 3 3 3 3 5 3 . 4 
C 2 2 2 7 5 3 . 6  3 2 1 4 2 2 . 4 
D 8 7 4 1 3 4 . 6 3 2 4 3 3 3 . 0  
E 4 0 1 1 5 2 . 2  2 2 2 2 2 2 .0 
6 A 5 5 4 6 . 5 5 . 0 2 4 3 2 3 2 . 4 
B 2 2 8 0 12 /4, . 8  2 1 2 2 2 1 . 8  
C 7 0 3 5 4 - J . 8  2 2 3 - o 0 · 1. 4  
D 5 0 1 4 1 2 . 2  2 1 0 2 3 1 . 6  
E 2 3 3 3 4 3 . 0 2 3 4 2 1 2 . 4 
7 A 13 3 3 1 5 5 . 0  1 2 3 3 2 2 . 2  
B 2 5 5 4 6 /.} . 4 2 3 3 2 2 2 .4 
C 2 ·  1 1 1 5 2 . 0  �- 2 2 5 3 3 . 2  
D 2 3 3 4 3 3 . 0  2 3 3 2 3 2 . 6  
E 3 2 5 1 4 3 . 0  3 3 4 2 2 2 . 8  
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TABLE 28 . Kx.'J)eriment�l group J :  Measurement s of tubule dilatation 
and distance of nucleus from basement membrane taken 
from proximal tubules (T ) of rabbits 
Animal Slide Tubule Dilatation - Nucleus Distance from 
No . ( µ, )  Basement· Membrane 
( µ )  
Tl T2 T3 T4. T5 Avg. Tl T2 T3 T4 T5 Avg. 
1 A .  18 8 2 0 4 6. 4 2 2 3 2 3 2 . 4 
B 7 4 5 0 2 3 . 6  3 3 3 3 3 3 . 0 · 
C 4 2 1 10 12 5 . 8 3 4 ]_ 3 3 2 . 8  
D 10 2 1 1 2 3 . 2 1 3 3 4 2 2 . 6  
E 0 10 1 1 3 3 . 0 3 1 4 2 3 2 . 6  
2 A 3 1 5 1 9 2 . 8  3 2 3 3 4 3 . 0  
B 2 3 0 5 1 2 . 2  3 3 3 3 2 2 . 8  
C 2 10 1 2 2 3 . I+ 3 3 3 5 3 3 ,. 4  
D 5 0 3 0 8 3 . 2  2 4 3 2 4 3 . 0 
3 A 12 1 0 · 3 4 4 . 0 2 2 3 3 3 2 . 6  
B 0 3 0 1 1 1 . 0  3 3 3 3 4 3 . 2  
C 10 5 0 3 2 4 . 0 3 2 3 4 3 3 . 0  
0 4 0 3 5 0 2 . 4 2 3 3 2 3 2 . 6  
E 3 4 5 0 1 2 . 6  2 4 3 3 4 3 . 2  
4 A 7 6 1 1 11 5 . 2  3 3 2 4 3 3 . 0 
B "6 5 1 5 0 3 . 4 2 2 4 4 4 3 . 2  
C 1 10 1 10 1 4 . 6 6 3 4 2 5 l+ . O 
D 2 4 1 0 0 1 . 4  3 4 3 3 5 3 . 6  
5 A 12 0 - 5  21 26 12 . 8 2 3 4 1 7 2 . 2  ..I.. 
B 22 25 6 18 4 15 . 0  1 1 2 1 4 1 . 8  
C 6 18 0 12 0 7 . 2  3 - 3 4 2 3 3 . 0  
D 10 5 11 4 0 6 . 0  2 4 2 1 3 2 . 4. 
E 4 10 15 6 - 5  8 . 0  3 2 2 4 3 2 . 8  
6 - A  6 8 1 7 - 0 4 ,, 4 2 3 4 2 3 2 .. 8 
B 8 7 1 4 5 5 . 0  3 i 3 2 3 2 . 4 
C 1 3 1 3 3 2 . 2  h 3 l,- 2 2 3 . 0 
D 2 4 2 6 2 3 . 2 2 2 3 4 2 2 . 6  
E 1 3 8 7 1 ·4 . 0 3 3 2 2 1 2 . 2 
